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Enclosed is a copy of the application to BNSF Railway Company/ Campbell Technology Company 
(CTC) for approval of advanced preemption of our temporary grade crossing, and a copy of the CTC 
report accepting the timing and other comments. 

ADOT's designer used the Texas DOT worksheet and guide for traffic signal preemption timing at 
highway-railroad grade crossings. The designer had sealed the request before submittal to BNSF/ CTC. 
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ADOT has thus met the ACC Staff request for preemption timing evaluation. 
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Executive Summary 

Advance Preemption Time is being requested for the Burlington Northern Santa Fe 
Railway (BNSF) Highway-Rail Grade Crossing (DOT # 250650C) located in Glendale, 
AZ near the intersection of SR 303L and Olive Avenue. Campbell Technology 
Corporation (CTC) has been requested to review the advance preemption calculations 
and to make recommendations for other improvements which may be required by 
M UTCD and/or general industry practice. Recommended preemption values and design 
recornmendations are summarized below and described in detail along with pertinent 
references in the final report. 

0 Summary of Preemption Operation 

P BNSF Railway Is being requested to provide 15 seconds of Advance 
Preemption Time (APT) for the crossing. For more details, see the 
Preemption Calculation Form in Appendix A provided by Arizona 
Department of Transportation (ADQT). 

P The Minimum Track Clearance Distance (MTCD) is 26 feet. Additional 
Clearance Time (CT) for wide or angled crossing is not needed. 

P Gate Down will be implemented in the traffic signal controller. BNSF 
Railway will also provide Gate Down in their signal design. 

P ADOT will be providing a reiay for supervised operation for the traffic 
signal controller. 

P Do Not Stop on Tracks sign will be installed at the crossing. 
P A 12 conductor # I4 AWG Interconnect Cable will be provided from the 

traffic signal controller to the railroad equipment house. 
P A warning label will be provided in the traffic signai cabinet to alert traffic 

signal technicians to the presence of the interconnection with the railroad 
control equipment. 

0 Summary of Recommended Design Changes 

> Implement a maximum preemption timer 

P Implement a traffic signal health circuit. 

P Implement a preemption operation and maintenance program. 

P Implement an all red Emergency/CMU-MMU flash operation 

P Install limited Storage Space Signs 
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Glendale, AZ 
SR 303L @ Olive Avenue 

DOT# 0256506 
Ennis Subdivision, LS 7209 

Report 
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General Information 

Arizona Department of Transportation (PICOT) is in the process of designing the 
widening of SR 303L. As a result, the intersection of SR 303L and Olive Ave will be 
relocated approximately 200 feet to the east to accommodate the main line of the 
freeway construction. The relocated intersection of SR 303L and Olive Ave will be 
utilized for the freeway construction detour for approximately 2 years. Therefore, 
Advance Preemption Time is being requested for the BNSF Railway Grade Crossing 
(DOT# 250650C) on the Ennis Subdivision located in Giendale, AZ near the relocated 
intersection of SR 303L and Olive Avenue. 

The traffic control signal plans provided were designed by the Baker Engineering and 
Arizona Department of Transportation (Agency). The Texas preemptiori timing form 
(TXDOT 2304) was provided by the Arizona Department of Transportation. 

Contact Information 

Agency : 
Robert Travis, PE 
State Railroad Liason 
Arizona Department of Transportation 
205 S 1 7'h Ave, Room 357 
MD 618E 
Phoenix, AZ 85007 

rtravis@azdot.gov 
602-71 2-61 93 

Burlington Northern Santa Fe Railway: 
Mr. Melvin Thomas 
Manager Public Projects 
Burlington Northern Santa Fe Railway 
740 East Carnegie Dr. 
San Bernardino, CA 92408 

This review is being conducted by CTC, Inc. to evaluate the proposed time 
requirements and to make recommendations for other improvements which may be 
required by M UTCD and/or general industry practice. 

This report consists of five parts in addition to the attached forms: 

1. General background information on the project; 

mailto:rtravis@azdot.gov
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2. Site specific information for the grade crossing and the intersection; 
3. Analysis of the traffic control signal and the proposed preemption operation; 
4. Specific recommendations to the Agency regarding the proposed design, and; 
5. Report conclusion. 

It should be noted that the 2009 Manual on Uniform Traffic Control Devices (MUTCD) 
as published by the Federal Highway Administration has specific requirements in 
Chapter 8C, Section 8C.09, Paragraph 6 and 8 which apply to the information provided 
in this report and how it is used: 

Section 8C.09 Traffic Control Signals at or Near Highway-Rail Grade Crossings 

Guidance: 
06 The highway agency or authority with jurisdiction and the regulatory agency with statutory 
authority, if applicable, should jointly determine the preemption operation and the timing of 
traffic control signals interconnected with highway-rail grade crossings adjacent to signalized 
highway intersections. 

Standard : 

08 Information regarding the type of preemption and any related timing parameters shall be 
provided to the railroad company so that they can design the appropriate train detection 
circuitry. 

The report also makes reference to the Institute of Transportation Engineers 2006 
Recommended Practice on Preemption of Traffic Signals Near Railroad Crossings. In 
addition, information from NCHRP 291, “Traffic Signal Operations Near Highway-Rail 
Grade Crossings” as published by the Transportation Research Board (TRB), ‘Railroad- 
Highway Grade Crossing Handbook - Revised Second Edition” as published by Federal 
Highway Administration and the AREMA 201 1 Tommunicafion & Signal Manual of 
Recommended Practice”. 

The Information provided in the report consists of recommendations to the Public 
Agency based on the review of the information provided. BNSF and CTC both 
recognize that the Public Agency is responsible for the design, operation and 
maintenance of the traffic control signal as well as any signing, pavement marking and 
roadway design. 

I. Site Specific Grade Crossin_q and lntersection information 

The Railroad operates on one main line crossing SR 303L adjacent to the signalized 
intersection with Olive Avenue. Railroad gates will be provided at the crossing. 
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The Clear Storage Distance (CSD) indicated on the preemption form is 57 feet. 

The Minimum Track Clearance Distance (MTCD) indicated on the preemption form is 26 
feet. 

The roadway grade approaching, over and departing the Minimum Track Clearance 
Distance (MTCD) is not indicated to exceed 2%. 

There is one through lane and a left turn lane over the track approaching the 
intersection with West Olive Ave. 

During the track clearance interval, the traffic signal displays a circular green and a 
green left turn arrow indication at the intersection. 

2. Analysis of Proposed Traffic Sianal Railroad Preemption: 

Cesign Vehicle: 

The Agency specified a Tractor Trailer 75 Feet long as the design vehicle for the 
I ocat ion. 

Traffic Signal Preen?ption Ogerstion: 

The proposed interconnection is specified as a 12 conductor # 14 AWG Cable from the 
traffic signal controller to the railroad equipment. 

A gate down circuit will be provided in the current design. 

A maximum preemption time circuit is not provided in the current design. 

A traffic signal health circuit is not provided in the current design. 

Railroad Preemption Operation: 

The Railroad is being requested to provide 15 seconas of APT 

The MTCD is 26 feet across which does not require additional seconds of Clearance 
Time (CT). 
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Traffic Signal Controller: 

The traffic signal controller is an integral part of the operation of the preemption system. 
The operation of the controller is determined by the firmware installed in the controller 
unit. It is highly recommended that a thorough inspection of the preemption operation be 
made to assure that the controller is capable of providing the required preemption 
features prior to placing the system into operation. The inspection should include a 
performance test of the preemption sequence under the maximum Right-of-way 
Transfer Time condition in order to verify the receipt of the preemption call, the 
transition to the track clearance intervai and the operation of the dwell interval. Many 
conditions such as, but not limited to coordinated operation, emergency vehicle 
preemption, transit priority, or manual control will alter the operation of the controller unit 
when those conditions are in effect. In addition, periodic updates or revisions to 
firmware may Eegatively affect the operation and/or programming parameters of the 
controller unit. Any change in controller unit hardwars or firmware should be followed by 
a performance test in order to assure that the unit is functioning in accordance with the 
design plans. 

The traffic signal controller specified on the plans is an Econolite TS2 ASC3. 

The firmware installed in the controller unit is not specified in the plans. 

The Agency did provide traffic signal plans 

Traffic Siqnal Coordination: 

The traffic signal is not coordinated with adjacent traffic signals. 

Pedestrian Operation: 

There are four crosswzlks at the intersecticn. 

Ped est ri a n T rea t me n t : 

The existing operation e!iminates the pedestrian change interval. 
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Proarammed Controller PreemDtion Delav Time 

Traffic Control Signal Preemption Timing: 

The calculated Right-of-way Transfer Time (RVVTT) is 10.9 seconds as shown 

(sec) 
0 

below: 

Controller Preemption Response Time 
Minimum Green before Track Clearance 

0 
5 

Walk before Track Clearance* 

Yellow Chanae before Track Clearance 
Pedestrian Change before Track Clearance* 

0 

4.3 
0 ~ 

Red Clearance before Track Clearance 
Additional RWTT Due To OverlaD 

1.6 
0 

Turning Movement Restrictions: 

Right of Way Transfer Time (RWTT) 

The left turn movement towards the track is prohibited during preemption with a no left 
turn blank out sign. 

10.9 

The right turn movement toward the track is prohibited during preemption with a no right 
turn blank out sign. 

Yellow Trap (Lagging Yellow Left Turn Condition): 

The left turn movement opposing the track clearance phase operates in a permissive 
only mode. This can create a lagging left turn condition that displays a circular yellow 
indication for the left turn movement opposing the track clearance phase during the 
transfer to the track clearance interval. (Refer to NCHRP Report 3-54, page 16, 
Heading: Lead-Lag Phasing With PPLT Control). It was noted in the Pre-PSE 
Comments that the traffic signal timing plan will be developed by ADOT to prevent the 
lagging left turn condition from occurring during the transition period to track clearance. 

Track Clearance Green Phase(s): 

The track clearance green phases are 2 and 5 per timing plan. 
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Preemption Dwell Operation: 

The traffic signal dwell operation provides limited service allowing Phases 4 and 8 to be 
served during railroad preemption. 

Emergencv / CMU-MMU Flashing Operation: 

The traffic signal operation during a malfunction is not specified in the traffic signai 
plans. 

Vehicle Defection: 

From the plans provided, video vehicle detection is located before the crossing. 

Back-up Power Supplv 

From the plans provided, the traffic signal cabinet is equipped with back-up power 
supply in order to provide operation during power outages. The need for backup power 
is per the 2009 MUTCD, Chapter 4D, Section 4D.27, Paragraph 11 which recommends 
that traffic control signals with preemption should be provided with a back-up power 
supply. 

DO NOT STOP ON TRACK Signs: 

From the plans provided, DO NOT STOP ON TRACK signs will be installed at this 
location. 

3. Rewmmendatkms for the Public Aaency: 

As a result of the plan review, the following proposed recommendations are being 
presented to the Public Agency for consideration to enhance the operation of the 
preemption system. BNSF and CTC recognize that the Public Agency is the final 
authority regarding the design and operation of the preemption system per the 2009 
(MUTCD) Chapter 8C, Section 8C.09, Paragraphs 6 and 8. 

The Railroad is available to assist the Agency with any of the proposed 
recommendations at the Agency's request. 
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Advance Preemption Time: 

The Advance Preemption Time (APT) proposed by the Agency is 15 seconds (See 
Appendix A - Line 35 of the Preemption Calculation Form). CTC does not object 
to the proposed APT. 

NOTE: APT value does not include Clearance Time (CT), Minimum Warning Time (MT), 
Buffer Time (BT), Equipment Response Time (ERT), or Propagation Delay Time (PDT). 

Traffic Signal Health Circuit: 

The traffic signal health circuit is provided by the traffic signal controller unit to the 
railroad crossing warning system. It is typically connected to the controller cabinet flash 
bus or simiiar circuit so that it wiil de-energize any time the traffic signals are flashing OT 
dark. Consideration should be given to a fail-safe design for the heaith circuit so that 
there will be no case in which the circuit will remain energized while the traffic signals 
are flashing or dark. 

It is recommended that the Agency implement a traffic signal health circuit at this 
location. At the direction of ADOT, Traffic Signal Health Circult will not he 
implemented at the intersection. 

Maximum Preemption Timer: 

A Maximum Preemption Timer is a timing circuit in the traffic signal controller which 
limits the period of time the preemption can be in effect. The purpose of this timing 
circuit is to allow the traffic signal to exit the preemption sequence in the event the 
railroad warning systern “fails-safe”. Because railroad warning systerns are safety 
critical systems, they are designed in such a manner as to fail in a “safe” state in the 
event of a non-catastrophic fault. What this means is that the warning devices will 
operate to indicate that it is no: safe to proceed even when no train is present. This is a 
“safe” failure mode. However, when a fail-safe condition occurs, the traffic control signal 
will remain in preemption if a maximum preemption timing circuit has not been provided. 
Because of the limited sequence operation during the dwell interval, non-allowable 
movements are inhibited. Road users may become frustrated and attempt to make 
moves against a red traffic signal indication. The maximum preemption timing circuit will 
cause the traffic signal to transition to an all-red flashing state after a predetermined 
period of time until the preemption circuit returns to its norma! state at which time 
norma! operation of the traffic signal resumes. 
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It is recommended that the Agency implement a maximum preemption timing 
circuit at this location. At the direction of ADOT, Maximum Preemption Timer will 
not be implemented at the intersection. 

Track Clearance Green Time: 

The Track Clearance Green Time (TCG) is the period of time programmed into the 
traffic signal controller that the green indication is displayed to vehicles stopped within 
the Minimum Track Clearance Distance (MTCD). The green indication allows these 
vehicles to start and to move clear of the track with an approaching train. if there is not 
a gate down circuit present, this value is a fixed period of time. Wtiere a gate down 
circuit is used, this value becomes a minimum period of time which is extended until the 
gate down indication is received. 

From the documents provided a gate down circuit will be implemented. Therefore, CTC 
does not object to the track clearance green time. 

Lagging Yellow Condition: 

Traffic signal design and operation involves many elements, one of which is the mode of 
operation for left turn signals. These are engineering decisions made by the Agency at 
the time the traiiic signai is designed for a specific iocation. The term "Lagging Yellow" 
is one way to describe a specific condition which occurs during the yellow change 
sequence operation within a traffic control signal operating under specific left turn signal 
modes. The Condition occurs when a left turn movement that operates in protected- 
permissive or permissive only left turn signal operation is terminating opposite of a 
lagging left turn movement. Under this condition, left turning vehicles which have 
entered the intersection (opposing the lagging left turn movement) expecting to make a 
permissive left turn on a circular green indication see a circular yellow indication. These 
drivers are conditioned to clear the intersection when the yellow indication is displayed. 
What they fail to realize is that the opposing: through mcvement has and continues to 
have a circular green indication. The result is that in the move to clear the intersection, 
these drivers can pull into the path of an oncoming vehicle proceeding on a circular 
green indication incorrectly expecting the oncoming vehicle to also have a yellow 
indication. This can create a collision which potentially blocks the exit path from the 
grade crossing when a train is approaching. 

Additionai information regarding the above described condition is available as a part of 
NCHRP Project 3-54, Evaluation of Trafic Signal Displays for ProfecfecVPemiffed Left 
Turn Control. 
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This location has been identified as having a lagging yellow condition during the 
transition to the track clearance interval. However, it has been noted in the 
documents that ADBT will develop a traffic signal plan to prevent the lagging 
yellow condition. The following methods may be implemented at this location to 
resolve this condition: 

e Protected only mode left turn operation for the approach opposing the 
track clearance direction. 

e Controller programming to provide a transition through an all-red signal 
display to eliminate the lagging yellow condition. It should be noted that 
not all controllers are capable of providing this operation. 

0 Split phase sequence for the movement where the lagging yellow occurs. 

e Implementation of Flashing Yellow Arrow Operation to eliminate the 
lagging yellow ccndition and retain the protected/permissive mode left turn 
operation . 

EmergencvCMU-MMU and Maintenance Flash: 

In situations where the Clear Storage Distance (CSO) is less than the length of the 
design vehicle, EmergencyCMU-M MU and maintenance flash should be all-red flash to 
allow the design vehicle a chance to clear the tracks when a train is approaching. 

It is recommended that the Agency provide an all red EmergencyKMU-MMU flash 
operation. 

Limited Storage Space Signs: 

Where the CSB is less than the length of the design vehicle, the installation of limited 
storage space warning signs are helpful to advise motorist of the amount of space 
available between the railroad tracks and the intersecting street. Section 8B-24 of the 
2009 MUTCD provides guidance on where these signs may be installed. 

It is recommended that the Agency install limited Storage Space Signs (W10-11A 
or WIO-11 b) signs. 

Page 11 



Imp I e mentation of P ree iption Operation and M 3 

Glendale, AZ 
SR 303L @ Olive Avenue 

DOT# 025650C 
Ennis Subdivision, LS 7209 

Report 
February 2, 2012 

Program: 

In accordance with the FRA Safety Advisory it is recommended that a joint program be 
established between the Agency and the Railroad to provide for an annual (minimum) 
operational test of the preemption system. 

a The program should provide for a joint inspection with a representative 
from the Agency and the Railroad. 

0 The program should require a live operational test of the system under the 
worst case (maximum Right-of-way Transfer Time) condition. 

a The program should include review of data recorder logs where available 
to verify proper operation of the system. 

a The program should determine that no operational changes have been 
made to the grade crossing, warning system, roadway, traffic control 
signal or other facility that modifies the operation of the system as it is 
presently functioning. 

It is recommended that a plan be developed to notify the Railroad in the event the 
traffic control signal fails to operate as intended. The plan should include the 
following elements: 

a If the traffic control signal enters flashing mode, notify the Railroad and 
provide police officers or flaggers to provide for the safe movement of 
roadway users over the grade crossing. 

a If the traffic control signal loses power or all of the signals are dark, notify 
the Railroad and provide police officers or flaggers to provide for the safe 
movement of roadway users over the grade crossing. 

a Notify the Railroad once the system has been restored to normal 
operation . 

If a signal maintainer is required to perform a joint test of the preemption system, notify 
the Railroad. 

It is recommended that procedures be implemented to provide flagging or other 
suitable temporary traffic control plan in the event a lane closure downstream 
from the grade crossing causes roadway users to queue onto the crossing. (See 
2009 M UTCD Section 8A.08 for additional information.) 
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It is recommended that anytime changes are made to the roadway, the traffic 
control signal, or preemption operation, the Railroad shall be notified in 
accordance with 2009 MUTCD, Section 8A.02 Paragraph 6. 

4. Conclusions; 

It is recommended that the Agency follow up with the Railroad to review this 
report if there are any unresolved issues or comments. If the Agency desires, the 
Railroad should be contacted to assist with any recommendations, answer any 
questions or participate in a diagnostic team inspection to resolve any outstanding 
items. 
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Appendix A 
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I ’  

Melvin Thomas 
Public Projects Manager 
Bu:Iitigtori Nortlieni Saiita Pe Railway 
740 East Cariiegie Dr, 
Sail Beriiardino, CA 92408 

Michael Baker Jr., Inc. 

2929 N. Central Avenue 
Suite 800 
Phoenix, AZ 85012 

A Unit of Mchael Baker Corporation 

(602) 279-1234 
FAX (602) 279-141 $ 

January 25,2012 

Dear Mr. Thomas: 

Tlie existing traffic sigtial at the interscction of SR 303L & Olive Ave is currently owned atid operated by the 
Arizona Department of Transportation (ADOT). This intersection currently operates witli advance preemption. 
ADOr is i n  the process of desigi:ing the wide:iing of SR 303L. Tlie inteisection of SR 303L & Olive Ave will lie 
relocated aplxosimately 200 feet to the east to accoiiiiiiodate tlie tiiaiii line of the fieeway conslritclion. The 
relocated intersection of SR 303L & Olive Ave will be iitilizeci for the SR 303L detour for approxitiiately 2 years. 
Given the prositiiity of the BNSF Rail Road to this intersection, the sigtial will have to be synclironizecl with the 
BNSF’s watmitig device at the RR crossing similarly to its ciurent syiiclironization. 

The calculations for the required traffic signal preetiiptioii were based 011 the FI-IWA documetit titled R&orrtl- 
Highwq~ Grade Cr*ossiiig Hciiidbook - Revised Secoiid Editioir Arigiisl 2007 AppetidLv I Pr.eeiipiioii Colctdcrlion 
Pr*ocec/zrr*cs, Exsiriple Frorri Stsite Qf ‘/‘ems. This documenl lias been recently adopted by ADO?’. Warning time 
calculations are attaclicd to t!iis clocu!iicnt. 

Curre~itly, SR 303L and Olive Avenue expeiknce heavy truck traffic. Accorcling to the Arizona Revised Statue 
28-1095, tlie desigii vehicle pertiiitted on these roadway facilities is 75 feet i n  length, therefore, 75 feet in  length 
was assumed to calculate a conservative track clearance tiiiie value. The posted speed limits OH SR 303L detour 
aud Olive Avenue will be 45 tiipli. 

r - 5  1 tic intersection is designed to utilize Advance PJ eemptioa Time (APT). Based 011 tlie clirreilt calculatioiis, tlie 
intersection will require 35 secoiids of tiiasiinittii preetnptioii time to clear tlie tracks. The required Minimum 
Wai*nirig Time (MWT) at a RR crossing is 20 seconds per MUTCD. Per BNSF standards 20 sccoiids i~arning 
time is provided. Therefore, 15 sccotids of advance warnitig time is iieeded to clear the tracks. The 35 seconds of 
preeniptioti time to clear the tracks was calculated based 011 the worst-case coliflictillg vehicle phase (phase 4) a ~ i d  
tiiire, wliicli are 5 sccoiids of tiiinimiim green time, 4.3 seconds of yellow and 1.6 seconds of red clearance time; 
qiueue clearance time (1 9.9 seconds) and the minimiitii separation time (4 secoiids) values. Subtractitig the 20 
seconds of BNSF provided warning time from the 35 seconds of iiiasitiiiitii preemption time, 15 seconds of 
additional wariiiiig lime or advance preeinpiion time is reqiiirctl from tlie railload. 

Thank you for your assistaticc in this inatter. Please call me at (602) 79s-7533 if you have any questions. 

Siiicerely, 

‘Marta Gerber, P.E. 
Traffic Engineer 



Version 2/28/2008 
Has Form been revised for this request? 
0 YES, Revision Date: 
E3 NO 

HIGHWAY-RAIL G 
FIC SIGNAL PREEM 

The Road Authority traffic controller circuitry requires railroad preemption contacts to initiate the preemption sequence. 
Per BNSF standard, we will provide normally closed “dry” preemption relay contacts to interconnect the railroad active 
warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. With no 
trains in the area, these contacts remain closed. The Road Authority Traffic Department will be responsible for installing 
the interconnection cable between the traffic signal controller and the crossing warning signal control housing. If exit 
gates are utilized, the Road Authority Traffic Department will be responsible for installing and maintaining the “in 
pavement“ vehicle detection loops from the street to the cable junction box. 

To estimate and or design the crossing warning system, BNSF needs to know certain timing parameters. 

Definitions: 

“Advance Preemption” - The system will be designed to open the preemption contacts for a predetermined amount of 
time (Advance Preemption Time) &r to activation of the warning devices (flashing lights). 

“Simultaneous Preemption” - The system will be designed to open the preemption contact a i  the same time the warning 
devices (flashing lights) are activated. 

“Gate Down Logic” - Per BNSF standard, we wiil provide normally 
crossing warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. 
The system will be designed to close the gate down contacts upon the gates arrival in the down position. This logic is 
ncrmafly utilized to hold track clearance green until the gates are down since the time from preemption to gate down will 
vary depending upon the traffic signal cycle. 

“Miiiimum Warning Time” - Per the MUTCD and FRA regulaticrns, BNSF rnust provide at least 23 seconds Gf warning 
tine for through trains (typically main track applications). However, per BNSF standards for constant warning time train 
detection equipment, the system wili be designed to provide a “nominal” warning time of 30 seconds to ensure 
MUTCDIFRA minimums are met and to compensate for accelerating trains and baliast conditions. 

“Minimum Track Clearance Distance” - For standard two-quadrant railroad warning devices, the minimum track clearance 
distance is the length along a highway at one or more railroad tracks, measured either from the railroad stop line, warning 
device or 12 ft. perpendicular to the far rail, along the centerline or edge line of the highway, as appropriate, to obtain the 
longer distance. For locations with exit gate warning devices, the minimum track clearance distance is the Jength along a 
highway at one or more railroad tracks, measured either from the railroad stop line or entrance warning device to the point 
clear of the exit gate. Note that in cases where the exit gate arm is parallel to the track(s) andlor not perpendicular to the 
roadway, clearance will be either along the centerline or edge line of the highway, as appropriate, to obtain the longer 
distance. 

“dry” gate down reiay contacis to interconnect the 

n 

When (entrance) gates are used they are typically designed to start their decent within 3 to 5 seconds of the warning 
lights flashing, descend in an additional 9C to 15 seconds, and reach horizontal at least 5 seconds prior to train arrival per 
FRA regulations. 

The length of the railroad’s control circuit approach distance is directly related to the amount of requested “Advanced 
Preemption Time” (APT). Typically, the longer the APT requirement is, the longer the approach distance, and thus the 
more control equipment that will be required. 



With the above items in mind, Dlease provide the fol[owina information to hells IJS Process your reauest: 

Date: 01/25/2012 
Crossing Street Name: SR 303L 
Parallel Street Name: Olive Avenue District: Phoenix 
City: Glendale County: Maricopa State: 
Traffic Engineer: Marta Gerber. PE Phone: 6027987533 E-mail: mcrerber@rnbakercorp.com 

I) Is this request for Simultaneous Preemption? YES 

2) Is this request for Advanced Preemption? YES 

3) Will this location utilize exit gates? YES 

Request by (name/title): Velvet Mathew, PE 
DOT #: 025650C 

NO 

0 NO 
If “Yes” what is your requested Advanced Preemption Time? 15 Seconds. 

NO 

The followina aiiestions should be completed if this location utilizes exit aates: 

The exit gate arm(s) shall operate in one of the following modes of operation known as the EGOM (exit gate operating 
mode): 

a. Dynamic EGOM - A  mode of operation where exit gate operation is based on presence of vehicles within minirnutn 
track clearance distance (MTCD). 

-I) The exit gate arm(s) shall be designed to start downward tnotion after the vehicle detection system 
indicates no vehicles are located withir; the MTCO and any (optional) exit gate clearance time has completed 
timing. Note that the entrance gate arm(s) and the exit gate arm(s) may start downward motion almost 
simultaneously if no vehicles are located within the MTCD. 

b. Timed EGOM - A mode of operation where exit gate operation is based 3 n  a predetermined time interva!. This mode 
may be used if the vehicle detection system (Dynamic EGOM) is unhealthy. 

I )  The exit gate arm(s) shall be designed to start downward motion a predetermined number of seconds after 
the entrance gate arm(s) start downward motion. Note that the entrance gate arms(s) may or may not be fully 
horizontal at the time the exi? gate arm(s) start downward motion. This timed vahe is knowl! as the exit gate 
clearance time (EGCT). 

1) The BNSF standard is to use Dynamic EGOM and revert to Timed EGOM if the vehicle detection system is unhealthy. 
Is this operation acceptable? 0 YES c] NO 

2) W-heil operating in “Dynamic” exit gate operating mode, how miicn exit gate clearance time (optional) do you request? 

3) When operating in “Timed” exit gate operating mode how much exit gate clearance time do you request? 

seconds. 

seconds. 

Comments: This is a temporary crossing request. It is expected that the temporary crossing will be in service for 2 years. 
Additional 15s of APT is requested based on the attached calculations. 

Please contact the BNSF Signal Engineering office at (913) 551- 4642 with any questions or possible changes to the 
above requilernents. 

mailto:mcrerber@rnbakercorp.com
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city City of Glendale 

County rdaricopa 

District ADOT - Phoenix 

Date 01/25/12 

Completed by MHG 

District Approval 

Crossing Stfee Parallel Street Name 

Olive Avenue 

Crossing Street Name 

SR 303L 

Show North Arrow 

Railroad BNSF 

Crossing DOT# 0 2 5 0 6 ~ C  

SECTION 1: RIGHT-OF-WAY TRANSFER TlME CALCULATION 

Raiiroad Conlact Melvin Thomas 

phone (909) 386-4472 

Preempt Verification and response time Remarks 
. .............................................................. 

Controller type: TS2 ASC3 

1 Preenipi delay time (seconds) I. 

2. Controller response time to preempt (seconds) ....................................... 2, I 

........................................ 3. Preempt verification and response lime (seconds): add lines 1 and 2 3, 0.0 I 
Worst-case conflicting vehlcle time - 

4. Worst-case conflicting vehicle phase number ........................ .4. 141 Remarks 
5.00 5. Minimum green time during right-of-way transfer (seconds) ....................... 5. 

6. Other green time during right-of-way transfer (seconds) .......................... ..6. 

7. Yellow change time (seconds) .......................................................... 7. 

8 .  Red clearance time (seconds) ............................................................. 8. 

9. Worst-case conflicting vehicle time (seconds]: add lines 5 through 8 ..... .......... 9. 

Worst-case conflicting pedestrian time 

I O .  Worst-case conflicting pedestrian phase number.. .................. I O .  0 
1 I .  Minimum walk time during right-of-way transfer (seconds) ...................... ..11. 

12. Pedestrian clearance time during right-of-way transfer (seconds) ............... 12. 

14. Vehicle red clearance tine, if no! included on line ? 2  (seconds) ................. 14. 

15. Worst-case conflicting pedestrian time (seconds): add lines $1 lhrough 14 ....... 

13. Vehicle yellow change time, i f  not included on line 12 (seconds) ................ 13. 

Warst-cas@ conflicting vehicle or pedestrian !ime 

16. Worst-case conflicling vehicle or pedestrian time (seconds): niaximirm of lines 9 and 15 ................ 113. 171 
17. R!ght-of-way transfer tinie {seconds): add lines 3 and 16 ................................................................. 17. 



SECTIRN 2: FVEU€ CL’ r&RANCE 

18. 

19. 

20, 

21 I 

22. 

23. 

24. 

25. 

TIME CALCULATlON 

b 
P 

m 
m 

J 

CSD = Clear slorage distance 
- - - 
L m MTCD = Minimum track clearance dislance 

L = Queue start-up distance, also stop 
DVCD = Design vehicle clearance dislance 

- a 
Y 

E 
DVL = Design vehlde length 

4ne 
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distance 

Remarks 

....................................... 
.................... 

Design vehicle type: 

Clear storage distance (CSD, feet) I O .  

Minimum track clearance distance (MTCD, feet) .,19, 

Design vehicle length (DVL, feet) ......................................... 20. 

............................ 
Reinarks 

Queue start-up distance, L (feet): add lines 18 and 19 21.1 83 I 
-. 
I ime required for design vehicie to start moving (seconds): caicdate as 2+(i+20) ...... 22. -1 
Design vehicle clearance distance, DVCD (feet): add lines 19 and 20 ........ 23. 

Time for design vehicle to accelerate through the DVCD (seconds) ......................... 24. I 13.7 I Read Iron1 Figure 2 in inslruc(ions. 

Queue clearance time (seconds): add lines 22 and 24 ..................................................... 25. 

SECTION 3: MAXIMUM PREEMPTION TIME CALCULATION Re marks 

...................................... 
.......................................... 

ITE reconiended value 

26. Right-of-way transfer time (seconds): line 17 2G. 

27. Queue clearance time (seconds): line 25 27. 

28. Desired minimum separation time (seconds) ..................................... 28. 

29. Maximum preemption time (seconds): add lines 26 through 28 ........................................ 

SECTION 4: SUFFICIENT WARNING TIME CHECK Remarks 

30. Required niinimum time, MT (seconds). per regulations 

31. Clearance time, CT (seconds): get from railroad .......... 
32. Minimum warning time, M W i  (seconds): add lines . 
33. Advance preemption time, APT, if providf;d (seconds): get from railroad .... 33. 

34. Warning time provided by the railroad (seconds) add lines 32 and 33 ................................ .34. 

35. Additional warning tiriie required from railroad (seconds): subtract line 34 from line 29, 

Excludes buffer time (BT) 

round LIP to nearest full second, cnter 0 i f  less than 0 ............................................................................ 35. 

- -- Remarks: 
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Arizona Department of Transportation 
Intermodal Transportation Division 

206 South Seventeenth Avenue Phoenix, Arizona 85007-321 3 AD8T 
Janice K. Brewer Jennifer Toth 

Governor 

Director 
j John S. Hallkmki 

January 31,2012 
Slate fwineer 

Melvin Thomas 
Manager Public Projects 
Burlington Northern Santa Fe Railway 
740 East Carnegie Dr. 
San Bernardino, CA 92408 

RE: Revised Preemption Request 
303 MA 109 H7874 01C 
Project 303-A(203) 
Existing at-grade crossing DOT # 025 650 C 
Temporary at-grade crossing DOT # 929 056 P 
Rail mile 8.3 Ennis Spur 

ADOT and its Designer, Baker Engineering, have reviewed the comments provided by Campbell Technology 
Corporation dated December 30,201 1 .  Please see our final preemption request. Page 6 of the packet shows the 
questions posed by Campbell Technology Corporation and our Response. I have also included a copy of CTC's 
redlines to our November 201 1 resubmittal. 

Piease advise this office that this preemption request has beer, accepted and I will inform the Arizona Corporation 
Coinmission accordingly. ADOT is still planning on construction of this temporary crossing this summer. 

Thank you and all at BNSF and Campbell Technology Group €or your assistance on this grade separation project. 

Robert H. Travis, PE 
Railroad Liaison 

rtravis@azdot. gov 
602-7 12-6 193 

cc: Vicki Bever, ADOT 
Velvet Mathews, ADOT 
A1 Zubi, ADOT 
Tony Pismo, Baker Engineering 

Janie Hollingsworth, Campbell Technology Corporation. 
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Melvin Thomas 
Public Pro-jects Manager 
Bdington Northern Satita Fe Railway 
740 East Carnegie Dr, 
Sail Beniardino, CA 92408 

Michael Baker Jr., Inc. 

2929 N. Central Avenue 
Suite 800 
Phoenix, AZ 85012 

A Unit of Mchael Baker Corporalion 

(602) 279-1234 
FAX (602) 279-141 1 

Janiiary 25,2012 

Dear Mr. Thomas: 

The esistiiig traffic sigiial at tlie intersection of SR 303L & Olive Ave is currently owned atid operated by the 
Arizona DepaiZment of Transportation (ADOT). This intersection currently operates with aclvance ~ireeiiiptioti. 
ADOT is in the process of designing the widening of SR 303L. The intersection of SR 303L & Olive Ave will be 
relocated approximately 200 feet to tlie east to accoiiiiiiodate tlie iiiain h i e  of the freeway constrtiction. The 
relocated intersection of SR 303L & Olive Ave will be iitilizecl for the SR 303L detour for approximately 2 years. 
Given the proximity of the BNSF Rail Road to this intersection, the signal will have to be synchronized with the 
BNSF's warning device at the RR crossing similarly to its current syncl:ronization. 

The calculations for the required traffic signal preemption were based 011 the FH WA doctunetit titled Rdrocd- 
Higltwcr), Gmde Cimsiig Hciidbook - Resisecl Second Edition Aiigirsf 2007 Appendi.~ I Pi*eeapfioii Cnlctdr~ion 
Procedwes, E,.mrlyle FFOII~ Stcrte Of ipexcis. This docuiiieiit has been recently adopted by ADOT. Wariiiiig tiiiie 
calculations are attached to this document. 

Currently, SR 303L and Olive Avenue experience heavy truck traffic. According to the ,4rizo!ia Revised Statue 
28-1095, the design vehicle permitted on these roadway facilities is 75 feet in length, therefore, 75 feet in length 
was assumed to calculate a conseilrative track clearance time value. The posted speed limits on SR 3031, tletoar 
and Olive Avetiue will be 45 nipli. 

Tlic intersection is designed to utilize Advance Preemption T h e  (APT). Based on the current calciilatiotis, the 
iiitersectioii will require 35 seconds of iiiaxiiiiiiiii preemption tiiiie to clear tlie tracks. The required Mitiiaiiuii 
Warning Time (MWT) at a RR crossing is 20 seconds per MUTCD. Per BNSF standards 20 secoiids warniiig 
tiiiie is provided, Therefore, 15 seconds of advance wariiing time is needed to clear the tracks. The 35 seconds of 
preemption time to clear the tracks was calculated based 011 the worst-case conflicting vehicle phase (pliase 4) and 
time, which are 5 secoiids of niininmm green time, 4.3 seconds of yellow and 1 .G secoiitls of red clearance tiiiie; 
queue clearance time (1 9.9 seconds) aiid the minimuin separation t h e  (4 seconds) values. Subtracting tlie 20 
seconds of BNSF provided warning tiiiie from tlie 35 secoiids of niaxiiiiuiii iil'eemption time, 15 seconds of 
additional warning time or advance preemption time is required from the railroacl. 

Thank you for your assistance in this malter. Please call me at (602) 798-7533 if yoii have any questions. 

Siucerely, 

V Marta Gerber, P k  
Traffic Engineer 



drsion 2/28/2 
Has Form been revised for this request? 

YES, Revision Date: 
[XI NO 

HIGHWAY-RAIL GRADE CROSSING 
TRAFFIC SIGNAL PREEMPTION REQUEST FORM 

The Road Authority traffic controller circuitry requires railroad preemption contacts to initiate the preemption sequence. 
Per BMSF standard, we will provide normally closed “diy” preemption relay contacts to interconnect the railroad active 
warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. With no 
trains in the area, these contacts remain closed. The Road Authority Traffic Department will be responsible for installing 
the interconnection cable between the traffic signal controller and the crossing warning signal control housing. If exit 
gates are utilized, the Road Authority Traffic Department will be responsible for installing and maintaining the “in 
pavement“ vehicle deteCtiGn l ~ o p s  from the street to the cable junction box. 

To estimate and or design the crossing warning system, BNSF needs to know certain timing parameters. 

Definitions: 

“Advance Preemption” -The system will be designed to open the preemption contacts for a predetermined amount of 
time (Advance Preemption Time) ptior to activation of the warning devices (flashing lights). 

“Simultaneous Preemption” -The system will be designed to open the preemption contact at the same time the warning 
devices (flashing lights) are activated. 

“Gate Down Logic” - Per BNSF standard, we will provide normally ~ a e n  “dry” gate down relay contacts to interconnect the 
crossing warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. 
The system will be designed to close the gate down contacts upon the gates arrival in the down position. This logic is 
normally utilized to hold track clearance green until the gates are down since the time from preemption to gate down will 
vary depending upon the traffic signal cycle. 

1 

“Minimum Warning Time” - Per the MUTCD and FRA regulations, BNSF must provide at least 20 seconds of warning 
time for through trains (typically main track applications). However, per BNSF standards for constant warning time train 
detection equipment, the system will be designed to provide a “nominal” warning time of 30 seconds to ensure 
MUTCD/FRA minimums are met and to compensate for accelerating trains and ballast conditions. 

“Minimum Track Clearance Distance” - For standard two-quadrant railroad warning devices, the minimum track clearance 
distance is the length along a highway at one or more railroad tracks, measured either from the railroad stop line, warning 
device or 12 ft. perpendicular to the far rail, along the centerline or edge line of the highway, as appropriate, to obtain the 
longer distance. For locations with exit gate warning devices, the minimum track clearance distance is the length along a 
highway at one or more railroad tracks, measured either from the railroad stop line or entrance warning device to the point 
clear of the exit gate. Note that in cases where the exit gate arrn is parallel to the track(s) and/or not perpendicular to the 
roadway, clearance will be either along the centerline or edge line of the highway, as appropriate, to obtain the longer 
distance. 

When (entrance) gates are used they are typically designed to start their decent within 3 to 5 seconds of the warning 
lights flashing, descend in an additional I O  to 15 seconds, anti reach horizontal at least 5 seconds prior to train arrival per 
FRA regulations. 

The length of the railroad’s control circuit approach distance is directly related to the amount of requested “Advanced 
Preemption Time” (APT). Typically, the longer the APT requirement is, the longer the approach distance, and thus the 
more control equipment that wili be required. 



With the above items in mind. please arovide the following inform n to help u 

Date: 0112512012 
Crossing Street Name: SR 303L 
Parallel Street Name: Olive Avenue 

Request by (nameltitle): Velvet Mathew, PE 

City: Glendale 
Traffic Engineer: Marta Gerber, PE 

County: Maricopa 
Phone: 6027987533 

rocess your reauest: 

DOT #: 025650C 
District: Phoenix 
State: & 
E-mail: maerber@mbakercorp.com 

I) Is this request for Simultaneous Preemption? YES 

2) Is this request for Advanced Preemption? YES 

3) Will this location utilize exit gates? 0 YES 

NO 

NO 
If “Yes” what is your requested Advanced Preemption Time? 15 Seconds. 

NO 

The followins questions should be completed if this location utilizes exit gates: 

The exit gate arm(s) shall operate in one of the following modes of operation known as the EGOM (exit gate operating 
mode): 

a. Dynamic EGOM - A  mode of operation where exit gate operation is based on presence of vehicles within minimum 
track clearance distance (MTCD). 

-1 j The exit gate arm(s) shall be designed to start downward motion after the vehicle detection system 
indicates no vehicles are located within the MTCO and any (optional) exit gate clearance time has completed 
timing. Note that the entrance gate arm(s) and the exit gate arm@) may start downward motion almost 
simultaneously if no vehicles are located within the MTCD. 

b. Timed EGOM - A  mode of operation where exit gate operation Is based on a predetermined time interval. This mode 
may be used if the vehicle detection system (Dynamic EGOM) is unhealthy. 

1 
3 )  The exit gate arm(s) shall be designed to start downward motion a predetermined number of seconds after 
the entrance gate arm(s) start downward motion. Note that the entrance gate arms(s) may or may not be fully 
horizontal at the time the exit gate arm(s) start downward motion. This timed vslue is known as the exit gate 
clearance time (EGCT). 

1) The BNSF standard is to use Dynamic EGOM and revert to Timed EGOM if the vehicle detection system is unhealthy. 
Is this operation acceptable’? YES NO 

2) When operating in “Dynamic;’ exit gate operating mode, how mucn exit gate clearance time (optional) do you request? 

3) When operating in “Timed” exit gate operating mode how much exit gate clearance time do yo6 request? 

Comments: This is a temporary crossing request, It is expected that the temporary crossing will be in service for 2 years. 
Additional 15s of APT is requested based on the attached calculations. 

seconds. 

seconds. 

Please contact the BNSF Signal Engineering office at (913) 551- 4642 with any questions or possible changes to the 
above requirements. 

I 
I 

I 

I 

mailto:maerber@mbakercorp.com
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city City of Glendafe 

county Maricopa 

District ADOT - Phoenix 

Show North Arrow 

Date 01/25/12 

Completed by MHZ 

District Approval 

Crmlng Stree 

Railroad BNSF 

Crossing DOT# 0250650C 
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SECTION 1: RIGHT-OF-WAY TRANSFER TIME CALCULAT!ON 

Parallel Street Name 

Olive Avenue 

Crossing Street Name 

SR 303L 

Railroad Contact Melvin Thon?as 

phone (909) 386-4472 

Preempt verification and response time Remarks 

I . 
2. Controller response time to preempt (seconds) ....................................... 2, 

Preempt delay time (seconds) .............................................................. I. 

ContrcIIer type: TS2 ASC3 

3. Preempt verification and response time (seconds): add lines 1 and 2 ........................................ 3. 

Worst-case conflicting vehicle time 

........................ Remarks 4. Worst-case conflicting vehicle phase number 

5, Minimum green time during right-of-way transfer (seconds) ....................... 5. 

.4. 141 
.. , .. -. .- . - . ,- - - - .. - - , ................. a "a'-- -. . . . . . . " . _ _ . . . . . . . _ _ _ . . . I  6. Other areen time durinn rinht-of-wav lrsnsfer lsecnnrisl 

7. Yellow change fime (seconds) ............................................................. 7. 

........... 6. 1 1::; 1 
8 .  Red clearance time (seconds) ............................................................. 8. I 1.60 I 
9. Worst-case conflicting vehicle tinie (seconds): add lines 5 through 8 ......................... 9. p G - 1  

Worst-case conflicting pedestrian th io  

I O .  Worst-case conflicting pedestrian phase number.. .................. 10. 

I I .  Minimum walk time during right-of-way transfer (seconds) ............. 
12. Pedestrian clearance lime during right-of-way transfer (seconds) .12. 

13. Vehicle yellow change time, if not included on line 12 (seconds) ................ 13. 

Remarks 

.............. -- 

14. Vehicle red clearance lime, if not included on line 12 (seconds) ................. 14. 

15. Worst-case conflicting pedestrian time (seconds): add lines 11 through 14 ................ 15. 

Worst-case conflicting voliicle or pedestrian time 

16. Worsl-case conflicting vehicle or pedestrian time (seconds): maxinium of lines 9 and 15 ................ 16. 

17. Right-of-way transfer time (seconds): add lines 3 and 16 ............................................................ ..IT. 

: I 

~ 

I 

i 

I 

i 

i 
I 
I 



I 

18. 

19. 

20. 

21. 

22. 

23 I 

24 # 

25. 

TIME CALCULATION 
DVCD 

I 
B 
a 
b 

I! 
.c 

-0 m 

CSD = Clear storage distanca 

DVL = Design vehide length 

MTCD = hlininium track clearance distance 

L Queue start-up distance, also stop4 
DVCD = Design vehicle clearance dislance 

ne 

Form (03109) 2304 
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distance 

Remarks 

....................................... 
.................... 

Design vehicle type: 

Clear storage distance (CSD, feet) 

Minimum track clearance distance (MTCD, feet) 

18. 

..19. 

Design vehicle length (DVL, feet) ......................................... 20. 

Queue start-up distance, L (feet): add lines I 8  and 19 ............................ 
Rerna r ks 

21. p q  
Time required for aesign vehicle to start moving (seconds): calculate as 2+(i+20j ...... 22. pE.2) 
Design vehicle clearance distance, DVCD (feet): add fines 19 and 20 ........ 23. 

Time for design vehicle to accelerslte through the DVCD (seconds) ......................... 24. 13.7 1 Read from Figure 2 in Instructions 1 
Queue clearance time (seconds): add lines 22 and 24 ..................................................... 25. 

SECTION 3: MAXIMUM PREEMPTION TIME CALCULATION R e m  r ks 

...................................... 
........................................... 

ITE recomended value 

26. Right-of-way transfer time (seconds): line 17 26. 

27. Queue clearance time (seconds): line 25 27. 

28. Desired minimum separalion time (seconds) .................................... 28. 

29. Maximum preemption time (seconds): add lines 26 through 28 ........................................ 29. 34.81 

SECTION 4: SUFFICIENT WARNING TIME CHECK Rein arks 

30, Required niinimum time, MT (seconds): per regulations ........... 30. 20.0 

31. Clearance time, CT (seconds): get from railroad 31. 0.0 

33. Advance preemption time, APT, if provided (seconds): get from :ailroad ..... 33. 

34. Warning time provided by the railroad (seconds): add lines 32 and 33 

..................... 
32. Minimum warning time, MWT (seconds): add lines ................................. 32. 20.0 

0.0 
Excludes buffer time (BT) 

120.01 ..................................... 34. 

35. Additional warning time required from railroad (seconds): subtrmA line 34 from line 29, 
round LIP to nearest full second, enter 0 if less than 0 ............................................................................ 35. 

after performing an engineering study to invesligate the 

- -  

Remarks: 
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